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DEVELOFMBET OF COWLING FOR LONG~NOSE AIBR-COOLED

BNGINE IN THE NACA FULL-SCALE WIND TUNNEL

By Abe S8ilverstein and Eugene R. Guryansky
INTRODUCTION

An investigation of cowlings for long-nose radiasl
engines has been made on the Curtiss XpP-42 airplane in
the NACA full~scale wind tunnel. The XP-42 airplane 1s
provided with a Pratt & dhitney R-1830-31 engine, which
has a propeller saaft and tearing housing that 1s 20
inches longer than tkhe standard short-nose engine of the
pame series. Thls forward extenslon of the proreller en~
ables the use of fuselage nose shares of higher fineness
ratlo than are possibdle with the dlunter short-nose en-
g1ne. In the origilinal Curtiss Company deslign of the
XpP-4<2 airplane the pointed fuselage nose was used (fig.
1) and shar»-edge scoops were added at tkhe bottom and top
of the cowling for the engline-cooling and the carburetor-
alr inlets. ¥Flight tests showed the high speed of the
alrplane to be comparable witkh, bdbut not superior to, that
of the P~36, whilcii is a simllar alrplane xith a saort-
nose engine and a conventional NACA cowling irstallation.
Inspection of the cowliug scoops disclosed somrces of
drag, the existence of which were substantiated dy pre-
liminary ¥ACA flizht measurements. These tests showed
that the engine cooling alr entered the lower scoop at
about half the alrplane flight velocity and that the
kinetic energy of thie flow was dlsslpated by the sharp
change in the air-flow direction at the rear of the scoop
and by the expanslon from the small scoop area to large
area ahead of the engine. {See fig. 2.)

The exlistence of a large internal energy loss dus %o
the cooling-alr flow was established and experience led
to the bellief that a further substantilial external drag
would ©oe added by the flow over the sharp scoop edges.
The full-scale ‘tuanel investigatlion was tuen 1retigated
for tae purnose of improving the original scoop cowling
or developing an efficlent cowl of another tyre.

The wind-tunnel program included an initial investi-
gatlon of the original F-42 cowling, which was followed



by tests of several modlfied arrangements with improved
scoops. The general unsatisfactory aerodyrnamic charac-
teristlics of all the cowlings with scoop inlets led to
the develormeént of the annular high-veloeclty inlet cowl-
ing. ©Since it was tle purpose of the wind-tunnel investi-
gation to develop an opitiimum cowling that could be later
constructed for fligut tests, the various cowling param-
eters, sucn as inlet velocity ratio, exit area, ete.,
were studied 1 conalderable detall. Tiais cowling has
been constructed and is crrrently undergolng flignt tests
on the P-42 alrplane. Tae results of the flignt investi-
gatlon will be reported at a later date.

" METHOD AND APPARATUS

The NiCA full-scale wind-tunnel belance egquipment
used for tue force measurerents is descrlbded in reference
1. The metkod of mounting the airplane on the balaance is
shown 1in figure l. Tle special technique and arparatus
used for the momentum measurements are described in ref-
erence 2. fStatic-pressure measurements were odlsined
eitner by tle use of statle orifices or 1/16~inch diam-
eter statlc-rrescure tutes mounted near the ailrplans sur-
faces, Tae oir flow tnrough ths enzine covlin; was meas-
vred by %total-oressure and static-preesure tubes placed
in tas diffusers azevd of the sngine bhaffles, and in ttre
cowl ovtlete.

RESULIS aND DISCUSSICFS

Originegl XE- 42 cowlinh.- A photograph of the Iinstal-
lation of tie or*gina_ scoop coriing on the XF-42 ailrrlane
18 siaown in fign:e 1; a sketch with a noroe detailed view
of tano eng*une alr scrop is srlown in figure 2. Tue cncl-
ing air is turn.d with a sncrt rcodias taromgh 900 and dis-
charged invo ths cumpartwen’ acewd of the ungcina cylinders.
Af a resalty of the saerTgry lorses ozenrring in the turn and
the axgension, tle toial precsure at the frdnt of the
englum bas7ies was fourd to te uniy abcut 0.4 thy freo-
strean totnl proseurs. Ihic large 1dlet loss was caolefly
responeible for tie 1igh dreg oF the ‘cowling ingtallnilon
and the drag cosfiicient for tae eirnlana écuinpad with
the original esolinz-eir-scoop wag O G040 highar than for




. the emooth alrplane with the scoop removed and the cowllng

sealed. " Although the -internal- losses largely accounted
for the drsg of the original cowl, a substantial incre-
ment was also added by the sharp scoop edges. The drag
coefficlent for the alrplane in the smooth condition (fig.
3) served as a bese value for determining the drags of
all the modlfications tested.

Originel cowling with multiple scoops.~ In order to
avoid the large internal cowl losses, the single original
sharp-edge scoop was replaced with four smeller rounded
inlet scoops (fig. 4). The use of multiple scoops rather
than a single scoop was advantageous both in obtaining
better diffuser passages and in avoiding the sharp bend
required in the single~scoop arrangement. 4 sketch show-
ing the detaliled dimesnslons of the ducts is contained in
figure 5(a). The resvlts obtained with this arrangsment,
which was designated cowl 1, are gshown in tabdbles I,

The resultes were unsatisfactory eince it was found
that the flow was separating from the inner wall of the
duect pessages and owlng to the negative pressures over
the top of the cowl irn the e¢llm® conditlon, the flow
through tae uprer scoop was reversed. 4s a result of the
flow breakdown in the duects, the pressure in front of the
engine averaged only about 0.6 the free-stream pressure
(fig. 6)« The air-flow gu.entities meesured for three
exit areas of 57, 84, and 98 sgnare inches were 6,370,
6,810, and 10,280 cublc feet per minute, respectively.
The drag coefficient corresponding to the 67-square-inch
outlet area was 0.G023. Tne drag of the airplane with
the scoop outlets sealed and with the 1inlets unsealed was
increased 0.0017 above the drag of the smooth alrgplane.

As a result of the difficulties encountered with the
four-scoop arrangement, the top scoop was removed and the
scoop inlets were extended forward along the cowl about
11 inches (see fig. 7); with these changes the duct inlet
area was conslderably reduced. (See fig. 5(b).) The
modifications served to locate the 1nlet more nearly
normal to the local flow direction and to lengthen the
diffusing passage. The results were somewhat more satis-
factory and the total pressures in front of the engine
we;e higher than for the former arrangement. (See fig.
6.



The diffuser passage, however, was stlll inefficilent,
glnce flow breakaway occurred on 1ts inner wall and a fur-
ther modification was made in which the duct passages were
straightened. (See fig. 5(c).) For this improved arrange-
ment, with an outlet area of 91 sgquare inches, & drag coef-
ficient increment of 0.0024 was measured with an ailr-flow
guantity of 12,700 cuble feet per minute. W¥1lth the scoop
inlets and outlets sealed, the airplane drag coefficilent
vag increased 0.0006, which is a measure of the effect of
the protrudirg scoops on the externai drag of the airplane,

Arnular inlet cowl.~ B8ince the drag of all the scoop
arrangemexts tested was high, thLe investigation was 41i-
rected toward developing a cowl in which the cooling alr
was introdnced tLrough a narrow annuler inlet at the mnose
of the airplane, with a spinner fairing for the propeller
bud and the blade shanks {"igs. 8 and 9). This cowl,
which 4is designated cowl 2 (tavle I), was designed so that
the velocity at the cooling—-air irlet was about one-~fourth
of the free~stream velocity. It was tested firast with the
exit sealed and the airplane drag was increased Q.0012,
owing to the cowl form drag and the clrculation of gir in
the cowl opening. With the inlet also seaied, the alr-
plans draz was ircreased by omnlyr 0.0003. ZFor different
outlet areas, the alrplans drag coefficient was increased
0.0022 with an air flow of 12,050 cublc feet per minunte
and was increassd 0.0027 with an air flow of 17,000 cutic
feet rer minute.

TLese drag increments caumsed by alr flow were %too
large and since drag reductions trat shonld have been ex—~
pected owing to improved interzal flor (see fig. 6) were
not fully realized, 1t was suspected that the cowl outlet
was unsatisfactory. Tuft investigation of the flow from
the original cowl outlet on the XP-42 eirpleme (fig. 10)
showed that alr was being discharged over a=nd around the
sxbaust collector and flap fear 1n such a manner that the
flow over the fuselage was disturbed. The ouvtlet was
modified, as shown in fligure 10, by removing the coanven-
tional flap gear and exraust collector from behind the
engine and installing a smooth anrestricted outlet. wWith
this modification, the drag coefficient was reduced 0.,0CD7?7
and the cowl drag coefficlent of C.001l5 was meesured with
a flow of 12,040 cubic fest per mirnute. The investigation
was continued by sealing the conventional redial cowling
outlet and providing a totitom outlet on the cowl. (See
fig. 11(a).) This bottom outlet was too small because



_.the measured alr flow was -lower ‘therd required and a larger
bottom outlet was constructed (fig. 11(Db)). The.covl drag
coefficlent for this arrangement was 0.0011 w»ith air flow
of 12,800 cubic feet per mixute. This drag is 0.0004
lower tnan for the c¢owling with the emooth ‘radisl outlet
and is 0.0011 lower then the conventional flap outlet.

The large drag reductions effected with the improved
outlets emphaslze the importance of providing a smooth
outlet on production airplanes. Although the single bot~-
tom outlet will probably be insufficilent to provide uni-
form cooling for all the engine cylinders, the result ob=-
tained with thls arrangement 18 of particular interest ae
a reference for evaluating the drag of the outlets.

From pressure measuremente in the -diffuser of the
annular cowl 2 (fig. 6), it was poted that tihe total pres-
sure wae less than 0.9 the free-stream dynamic Fressure,
Since 1t was expected that tnls value would be close to
stream pressure, the flow over the erlnner was investi-
gated wlth tufts, It was found that flow reversal was
occurning on the upper »art of the splnner at tke inlet,
Thie pheromenon was furt.er lnvestigated by measurements
of pressures along the spinner, whlch are snown in flg-
ures 12 and 13. In these flgures the nagrnitade of the
pressure 1s indicated as the lengti of the vector normal
to tkhe srlnner surface. IV will be noted that 2 large
adverse pressure gradieat exists in the direction of air
flow, the value of whica ie indicated by the slope of the
pressure plots. For the climb condlitlon the slors is
‘high forward on the spinner and shows a Jagged peak shead
of the cowl inlet. For the high-speed 1ift coefficient
(Cy, = 041560) * the adverse pressire gradienﬁ 18 high toward

the forward part of the spinner and decreases several
inches ahead of the nose of the inlet. In agreement with
usugl boundary-layer phonomena. the extent .of tuft rever-
sal could be coordinated with the. slopa .0f the pressure
gradient along the spinner._ Turtiher modification was then
made to cowl 2 (fig. 14) to reduce the pressure gradient
along tae splnner. The inlet marea for the cowling was re-
duced by increasing the splinner size (epinner B, fig. 9)
80 that the inlet-velocity ratio (V /V) was lncreased
above 0.5, With the higher inlet velocities. the diffuser
pPressures were 1ncreased to ‘approximately O. 979,. The

pressures on ‘the spinner:corresponding to the two outlet
rconditions tested are shown in figures 15 and 16.
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For the high-epeed condition the rise in pressure
along the modified spinner is consideradly lower than for
the origlnel splnaner. In the climb condition, the same
irregularities in the pressure-distribution occurred and
these irregularities were found to be assoclated with a
tuft reversal even for the higher inlet velocity obtained
with the splnner modification. The rressures at the face
of thie engine in the ¢lind condition werse, however, uni-
form and high.

The drag coefficient for cowl 2 and spinner B, with
tne modifled vottom outlet, was 0.0006 with an alr flow
of 13,870 cubic feet per minute. The gain due to increas-
ing the inlet velocity and recovering the full total pres-~
sure in the diffuser amounted to 0.0005. The drag coef-
ficient of 0.0006, measured for this arrangement, 1s the
lowest that nas been obtalned in full-geale tunnel tests
on radial-alir-cooled engine cowlings. The eofficlency of
the cowl 1s most clearly demoxstrated by the total-~pres-
sure measurements at tiae outlet (fig. 17). By progres-
give modiflications the outlet total pressure was in-
creased from an average of abdout O.Sqo with cowvl 1, to

more than 0.8qy with cowl 2 and spinner B. Since the
internal drag loeses are a direct function of the factor

1l - g » 1increasing the value of E/q° at the outlet

o
from 0.3 to 0.8 corresponds to reducing the internal drag
losses to almost one-fifth.

In order to determine whether the high efficiency of
this cowl could be preserved with greater air flows, the
outlet area was lncreased about 50 percent by partly open-
ing the smooth radiasl outlet. A cowl drag coefficlent of
0.0012 was measured with an alr flow of 21,140 cubic feet
per minute. This air flow is sufficient not only for the
engine air but aleo for the carburetor and oll cooler.

An investlgatlon of ducts for handling the o0ll and the car-
buretor air was not made. B

In order to aid in the estimatlion of the comrpressi-
bllity effects and to study the flow within- the annular
diffuser passages, pressure measurements were made over
the inside and the outslde of the cowl for several dif-
ferent air-flow conditions. These ‘plots are shown in fig-
ures 18 to 21. The maximum negative pressure of approxi-
nately 0.49 was measured at the nose of the ‘cowl, which

-
-



-4ndicates that .the critical compressibility speed will
occur above 500 miles per hour at 20,000 feet altitude.
The uniform recovery pressure on the inside of the duct
is demonstrated in figures 19 and 21,

COXCLUSIONS

l. The lorg-anose engine enables the deslgn of an
efficlent annular inlet cowling owling to the length availl-
able for a diffusing passags.

2. Trhe ratio of the cooling~alr velocity at the
cowling inlet to the stream veloclty 1s one of the most
imortant deslgn variables for tne annular inlet cowling
and this ratio skould not te less than about 0.5.

3. The critical compressitllity speed for the long-
nose englne cowling can bhe extended to above 500 miles
per hour at 20,C00 feet altitude.

4, Important draz losses occur dus to the flow of
cooling alr out of conventlonal cowling outlets with flap
g€ear and exhaust collectors to disturd the flow,

Langley ¥emorial Aeronautical Laboratory,
National 4Advisory Committee for Aeronautics,
langley Field, Va.
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Figs. 1,14

Figure 14,- Tie XP~42 airplane in the smcoth condition with
cowl 2 modified and smooth cowl flaps
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Fi Iqure 1-Sketch of or’iqinn/ XP-42 cow/in?.
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NACA _ Figs. 3,4
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Figure 3.- The XP-42 airplane in the completely smooth condition
mounted in the full-scale tunnel.
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Figure 4.~ The XP-42 airplene in the swmcoth condition with cowl 1

and original cowli flaps.
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Pigure 7.- The XP-42 airplane in the smcoth condition with cowl 1
modified and criginal cowl flaps.
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Figure 8.~ The XP-42 airyplane in the smcoth conditicn with cowl 2,
spinner A, and original cowl flaps.
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(&) Bottom outlet

(b) Modified bottom outlet

Figure 11.- Cowl ocutlet on XP-42 airplane,



NACA igs 12,132

figora 12~ Pressure distribution over fgp of spmner A with inket velocity ratio Wase,

Figuneld= Prassure distrifutios) over tops of spinner A with ikt velocify ralk YWroaa.



NACA Figs. 15,16
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Figure IS-Pressure distribution urver ftop of spinner 8 with inlet vekciy rotro Yonss,
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